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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method by which damage caused by laser 
beam irradiation in the target surface of an object to be 
machined is reduced and the attachment of dust to the 
target surface is effectively prevented. 
SOLUTION: In the laser beam machining method, a liquid 
8. through which a laser beam can be transmitted, is 
supplied to the target surface 10A of the object 10 to be 
machined, the target surface 10A is irradiated with the 
laser beam 24 via the liquid 8, and laser beam machining 
is performed while applying ultrasonic vibrations to the 
machining surface 10A. 
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mmmztzcttfX'Zz. ijaxm±^mh-tmw 
it, -^^'xoii^-^isnT'SSL turns t 

[0 0 6 0] $fc, m 1 ^SSJB^C^S U-ifftPXT- 

tt, iPlffi±£?!ftftS?8ift{cJ:?K U-iffiai*iB»c^<fe 

ipxffitc^-rs^^i«±T*tSo 
[0061] cfte»(D»c<tt», ESta»«ainix*^ 

[00 6 2] (^2 ^ffifl^ffi) H 2 «, *%HJ3<Djj| 2 ^ 

m&mici&z u—rijaxmm 1 o o ©htj65. u-+f 
apisbi ooti, \s-*?wmzt, fnxtmmut 

i:x.ti*^x/N) i o*««p-T 5*;l/^7 i:, U— «fKS 
»23^6«*6tlfcU— <f)t2 A^^X7M OO/jPXffi 
1 0 AJC^4S*Sj6S5S6 t, *;U^7ta#8*flt 
^-rs^m«&aB9i:, ->X7M o^ijpxffili 0A% 

eir$»2-ese^ei7ip;< *xxa t *i?^. s 0 
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0E«*? l 2 O^fglij^JSlt-^IKffiiffjiJfflilHlK l 2 l £ 
«?tl5o iS^&ilftti. EE«3*?1 2 

{C7X/W OOiPXffil 0 AtmW&iimtZCtfcrj; 

•So 

[0 0 6 4] *fc, jfflSSWfin**- 

1 o<Dini®i 0 A±«r»-rst^ic, tpxffii OA 
[0 0 6 5] *;l/2"7fct, ft l Utt^ll&nWKc^ U- 

Xffi 1 0 A{ciiMofd4»cfc3${*a»A#- h 7 B 

[0066] u— vmxmm 1 o o »is u— 

2 A co#j§Jg* -< 5 > ^ff*»JWr § U— «f H13 v h n 
-7 3t, If— AiHSEU^X^-y h 4 £ % <7X/M 0 

[0 0 6 7] 0 2 K jj^r U— *f iralSd lOOSffl^ft 

u-+fiax73ffiT«, inxj**ft (^x/V) 1 ocoipx 

iSlOA±H:l/-f^II?tS)Iltft:8WU C 
OjRft8*^LTU-1f%2 A^iPXffi 1 0 AtCiltff 

akkUc. ipxai 0 Afcjg*»fg»*#*.T\ iS^ 

[0068] mmamti. rctx.&, mxmmi o 

coipxffii 0Ak£tt{9J©®fr5igW&9iinrf3o 

s^ftfigft-r z>m.fo 8 ^jjpxffi 1 0 a \cmgmm*$ 30 

<DmiffilCt§-X.t>tltll££^t>\ iPXffil 0ACQ-£{£tc 

Blip 2ftT tit/ \> 

[0 0 6 9] uOia^l/- l«JPX7?f£-l?«\ u— tfio 

xtftcinx® 1 0 A*««Ki-rsoT\ u— •fftt 
x/n 1 ooipxffi 1 0 k±icm$i%— * 

ocoipxffii 0 AfcfflS»fi«i*#ASci:fcJ;0x in 
x < \s—*f9t 2 a (ommic x <o was* saos*, & 

[0 0 7 0] 3 gfiftftg) l^Lfcl 1 gffiBgffig 

2 mmm<o u-^isaxmrn^^i^-^x^ 
¥Wi*mm<ommi&mx*&mtznm*<Dmx 

1 mmmmtD u-iftiaxmmtm 2 mnmmv u~^rna 
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[0071] ( 1 ) ¥i»ft»RfiD u-if tax 
h 3 lis at 1 ^ssjgffisfc am 2 mMBm<o u— trjjpx 

Wia) 1 HchUVfl 1 TWtSM^Si, 
[0 0 7 2] ¥«ft§«'\C9U— IfSPXfi. 
7^— y-}cft;LT> ^x^^r5 : --y7 p ^(?tB-r^"-r 

m>&-im*Bj& (A-7*y f) l, 

x; scoSffiA^ P. / n- y ft v V L fcffilc $m? S S T'SfW 

[00 7 3] 03 (a) ICt*? & o iCis V 

ny^x/M loipxsi l A±K, SUEtf^Cfc^J: 
<?F0^) *-5£#GlK:tt*&Lfc*<6* iPXffi 

I 1 AKLU—VKZ AZmttLZ, MAW 10 ft £ 
£tf 5 OnmOll 1 T^r^-TSo iPXNffC, ilPXffi 

I I A(cjBmHb«^x.««dtt, «tt^MittJrth* 

[0 0 7 4] iPX^f<DU— sa^iRi^ 1 
0/im, Sa^lPlA^5 0 0 (imO)||1'$So U— 1f)tt 
£0 1 / W**fc D OBBJW x*;l/^-^fitt 4 J/c 
m 2 , »fifl%ft» lOkHztfeOx 1 0 

mm/s e c "e^STSC: ±t)T, ^-rytttcipX-r 
&o +fj^fiti2 6 6 nm, /^VXdti 1 0 n s e c 
Tfe-So ->'j3y>)i;M lcDipXffil 1 AKftiJtl 
6$&8lc«M7j<tf$ffl£nT^S 0 M*{4, 
fc^.(f01 KTfrf&SiC, SAf 9A, jJfttBW 9 B ^® 

LTmm-$nxt5*)s ipxffii i a±?\ sir-£WBg 

iPXSl 1 AfCiB*JftJg»*#*fcii*«, SSfe^^H 

[0 0 7 5] T E MTWfffi}|5tt*««Ott*, 0 3 
( a ) \Ctts? J; d K, U— If )ttBM*«« 1 2 Oifi^tcfc 

Sft, 019 (a) (c^ckatc, AM4«T*U-iftPl 
bfcfc*KWK«*lfc#>r F 1 1 0 1 A, 1 1 0 

2, so±^d i io 3m<Dm®t>&<bti?. &w*m 
mtaxmrnm^ntco ■s^ic 019 (a) ic*? 

[0 0 7 6] ±MLtdmffl.$>\s-- ifiraxfcfe^Tii, 

&S2 6 6 nmcD^ra^iliScOU— ■f) 1 d2 A^ffiffljn 
A\ ?£S 3 5 5 n m©£=J&«ilk rSS 5 3 2 n 
mCDmziiglS^ ^ P»(CrSfi 1 0 6 4 nmCDS*»^rffi 

^«^ES±-r 5 «1 5o fc * ti* U— If ^ 2 A CO 

fia»x^.;l/^-ffifi*lKl 5fg-O2 0J/cm 2 KL/il 
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[0 0 7 7] 03 (a) ©fiajT'te;, 

Ga, P> As, In, A 1 &£©{££& 

T#jasfts«3te^*-K*^f*i^if©*^j§ 

[0 0 7 8] 0 3 (b) «, JttMHfcLT, TV- K 1 

yyificm 3 0 p m~ 4 0 fi m(D~7U— H 1 3 tfffiffiS 
ft, C©7U— F 1 3K<fcD> JS* 5 0 (im~ 1 0 0 p 10 

MLti/yny^i/M Hem* 5 0 p m©I 1 1 

yiDX^iHt 1 2 d ©JSi2£i5l/>Tv'D a >£x/n l l © 
rtasfc*5v* 1 1 a^tettl 1 b*<fg£U i/»Jny 

■^x/m \<omwmc?->y\dyyi 1 c^ltls 

1 0 0 ftmfctau PJS'VVWtilMiQfOlfo 1 0 0 p 
¥*&M?ZZ£tfV%%:*<\ <:n5©*7y 20 

[0 0 7 9] 123 (c) «U fUa^ZAl 1©*PX 
ffil 1 AK, ^8 i:LT7y ; &x77i<jg^mi|&LT 

WSl (PFWtH) ^U->'J3^iai l©ijPXBl 
1 AKBBItU SI 1 U*0)«Lfci:#O4OX*fftt, 

0 p nix SiST} ft*' 5 5 00/i mm. ^:Sit®# 1 0 mm 
/sec, fg&flttfttf'l 0 k H z , S8fcfx*;l/^-& 3o 
SAMj/cm 2 - iftfttf 2 6 6 n mf^o 

[0 0 8 0] TEM*<£fflLfc»H5«tt©««©ISJR, 
7 >t-7zk»*t'7 U— If* 2 A *BB» Lfc»£fc: 
«, ttfcfffcRI&U-' >fiJPX*frT*> Si 1 U©$,2tf 

1 0 0|im{C$fIbTI/^„ «{*i:LTtt**{S8fflU 
fc«£©atl 1 T©8§Stftt5 0 (imt'So feci: fcj± 

KU tt2«o«*ou— tftnx**st«ci:««?* 

So 

[0 0 8 1] £6>tc, 03 (b) tC^LfcfcSfcTV- 
Kl 3&JBV*fcJ|£li:£i;S*7?*l 1 a, C&l 1 40 
b, ^-ytfy^'l 1 c *?©»{!#&<, 01 9 

( a ) fCTjVT <fc 3 fcdW K 1 1 0 1 A, $5^ 110 2, 
&*)±M*> 1 l 0 zm^th,E^^\ *S»4:L 

->'Jn>S?l 1 0 4 *&©«»»«,, U— «f«iaS*flW 

[0 0 8 2] gfc, ±>$LfcU-1fiinX*tt©j&iEi8fi 
lil Omm/s e cffeSA', itfiSgJgS: 2 {§©;§£© 

2 Omm/s e c tfcil^tC, ^,^^15 Oftmdil 
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[0 0 8 3] $fc, ipxffii i AicTyt-Tym'ifcZ 

m&?%tMc, fiiFsan«4A««^». ->ya 

vtt?* H©?R»ft©tt**«fc (3 tollWKKiiL? * 5o 
[0 0 8 4] 04tt, U-if«0»fti:'>U3>03tia 

&©>£ft 1 0 6 4 n m©ft(ftlKfl,»«\ Il5 3 2 nm 
©SXiftWJk &M3 5 5 nm<D3IXi?5f«Rt>"^fi2 
6 6 nmO»HB5ffififcJ±«bT^f«:/hSl\ 
©U— «f**«v^«#k:, SE3KW«i:Jt«LT, » 

[00 8 5]M1100 nmW±©U--1f#*JH^* 

Jg££ 5>^^<-r?.^*^?.o ill 1 OOnmK 
±©*tcti, fct;U±*j£§ 13 2 1 nmOY L F U— »f 
tfJOBtlTV^** 1 , C©U-if%fflV^*&«:, ^30 
J/cm 2 ©x^;U^-mfi^Si:-r§ 0 C^ctd* 

— »f ini*ff & ofci: LTfe, u— tffigl* c <k 5 

»icii t^T't-r, ipxm^jf miazminm 

^•^x/N^pX-rSJi^i, Kftl 1 OOnmOTOU 
— 9*3tt*flWr * C A^ffl WT-fe 5 o 
[00 8 6] ( 2 ) ¥J9{*g«±©|lS»l80 U-lf iPX 

0 5 mi mmmm^um z mmmmic&z u-v 
fcmiiifi©iipxtciiffl tfcffli*^. 0 5 icKtm?* 

ti, ^HiSiS&TfeSlfiS 2 6 6 n m© U— If 3t 2 A ^ 
i^fflb, tPlffi±tc#,^-r§^8i:LT, M7k*«6ffl 

f So 

[0 0 8 7] 0 5 (a) TH±, v"J n yiSfkflS 2 0 1)\ 

§ 0 >"j3^{t)i2 0©^Ffi2 o At, yyuy^z. 
Ml 1 ©SgtBLfctPXSil 1 AXtCti, U-+f*2A^ 

BaitLTinx-rsffl, gpbs) *hk*&s*u 

^LTiPXffi^lhfLTjil 1 T^ffM-TSo ffii* 

[0088] 05 (a) ic^tmxn. yv^ymitm 

2 0imm2 6 6 nmCU-f^2A%ML4l/^ 
T\ U— 9 s * 2 A tt ^> 1) 3 > g?{t§i 2 0 ^rjgji L TfiS 
yijn^xAl i©iPX[Bi l AtcBglhf^n, ?Ki l 
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a;/itft§i2 o^Un^x/M i 

[0 0 8 9] 0 5 (b) T?ft, i/^yflgfiOXA 
lilt, 'J a ylgftH 21, -> U n ygfbfi 2 
2 , fca*' U a ymm 2 3 £ffl|Lfc££f&S§l& U 

^M-> U n >gWkJl 2 3 ©iPXffi 2 3 A , <>'J3 >itffc 
S22 cDiDXffi 2 2 A , tfSS' U a >i.{t$£ 2 1 OiOX 
ffi2 1 Ax J/U3V^i;M l<DiPX®l 1 AXfCi&ft 
8*«»r*. U— tf*2Att«»8*ailUT, iPX 
ffi*WfcU— ffftllU 811 1 T*»BW*. 
[0 0 9 0] 0 5 (b) fcjjsTfllTtt, ilr«'>U3>lt 
fcl2K ~> U a ygftH 2 2 , *rfr> U a VggffcSi 2 
3 ©*n*n*«tt* 2 6 6 n m© U— 9% 2 A **!Rf 
5 OT, *T«-> U a yUffcH 2 3, ->>J3 >g< tm 2 . 

2, w>uai/ggftii2 umxi'-irtiai.zn, s 

6 fc IA1 l cDtnXSJ 1 1 AtC U— tf 2 A tfHBS* * 

nr, ^•y^£xc&ct&<> iii 1 t©u— if 
irax^ff^n^o 

[0 0 9 1] 05 (a) *3ctt>*5 (b) iCTTst^ttKD 
[0 0 9 2] fcfc, 0 5 (b) <D#J£*5^T, ->U3> 

i±©£fltt«M*mja*3#»i! «r»*>y 

a vigftJl 21, i/"ja vSfbK 2 2 , «♦> U a :/» 

I s = I i ( 1 — R) e x p 

[0 0 9 6] XjiL/cJ^tC, i"j3V>XAl l±© 
M£H?:#xfC->U 3>->xm 1 1 ©ijDXffi 1 
1 AtCU— «finl*ff JH«x*;l/^-«Bfi 
I s£3 J/cm 2 «~Ffi:ia£-fS&gtffcSo £fc, 
S (1) tC*5V>T, £tffl&Rtt8m?tit3(£0tC)& 

t i > 0 . 3 (1/ai) 
'✓iJa^i/M l±0«WR««bS-r«ftlBtMIOU 

-if^!»iR«ao i t3«ttfiiflEt i (2) 

'J3>^xai icoipxsi l A(cu— tfinx-raci: 

Jb^TfilfCs&So 0 5<D0ljT*ti, gfiOfflteLT* 

iJny^iA^TfS^, i/y ayy^v^^A-^ 
III - V&{fc^¥£#&£©¥£#:^x/v--|&{co^ 

[0 0 9 8] S567k£#Jl<DAnXffi±£flti!&L&tf&b- 
If/jPXf 3<DT?, U— fft2 AOBaitK J: OfSXTSlft 
ftifS, JRttft£R*£U BSItfftEl 2 5fifl}0««* 
M'>T SCtm^Mtt, ±& L fc h *3 5 T-ifc 5 o 

[0 0 9 9] 0 5 lC*tm?te, iS(*8t LT*tok%ffi 
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{tfl2 3) * 5 -y*££t;£-es b— «f2rax 

[0 0 9 3] $1\ ->'Ja^IA] I±£S1J"J3 
yKfbM 21, v"J a y^ffcii 2 2 , S8h> »J a ym.it 

mmmmmvis— fmmtt&ita \ (nm- 1 ) , mm 

*t N i (nm) fc"ts„ T*i:ft5i"Jay>>XAi i 
<D2jPX®l 1 AfcU— »fitt2 Aft<!!BI#£nTt>, ±JI<0 

««ISK:lS**#Aav^«)K:tt, ipxffil l AKJOiS 
10 -T * Is— tf3t 2 A ©Ra»x*;b#-!Bfi* 3J/cm ! 
WTfc»J&fS&gtf&-6o ^x/m i £t&&|g 
K» 1 1 T £ U— WDIf *Ctt, 'M<tt4J/c 
m 2 ©fSf*x*/l/#-&Jg£&gi;-f3 0 £fe % 
U a ygtffcil 2 1, 2 3 ©^tl^ft^^HC U— >f iPX 
**fc»K&BfcSft3!!M#xiM/#HfiS{i 1 J/c 
m 2 t*& y , s/ y a ygftii 2 2 £$Rg(fc u-if am* 
Sfci6»c^Sk*nSBai*x*;I/^-fBa(40. 5 J / 

[0 0 9 4] jgl 1 TOlx-ifSDltC^S^B^X^;!/ 
20 ffi&fcl i (4 J /cm 2 ) i:L, v"j3y)IAl 
l ±.lc&titZtirc, ^fflt'y y a yWtitM 2 1 , 2 3, i/ 

y a 22% E(Dmmmm<D u—*rm.um. 

y>>X/M KDiPXffil 1 AtSlJ^-r^U— f) 1 62 A© 

ia«x*;u^-ffisi sit. s (1) ic&vmtzttf 

[0 0 9 5] 

(-ai- ti) (1) 
30 Wlr&Ct&VZZo it^T, JHStx*;!/^-** I s 
^3J/cm z , BffiWx^yb^-SS I i= 4 J / c m 2 

( 1 ) icRX? 5 i:, I6IHIOIW t 
S (2) tLTSSS, 
[0 0 9 7] 

(2) 

Sii^tt. iffi**teE Lfcif^fcit^T, yyayj7X 
[0 10 0] «*«:8*4qiB5±-e«iaKi***« 
C &<DX\ U— tf#2 A^rJl^tcBS 

[0101] ire.t, AQX9(cje1«%SHi«#^.«iB^' 
it, u— tfiraxfcj; DaflfcbfcWttWtaiffifcti** 

[0 10 2] ??»{C, («^) ttfltlHflntCW-rS 
^XM^U-ifipifS^c, ^xa±c«8«»0 
l^flMa i fellRjy t i ^, t i ^0. 3/a i 



(10) 



ftffl 2002-224878 



17 

%^C^^5(lil^<, 7x^fC^»nX£$-r<l£# 
[0 10 3] (3) *2»f*->x/N±cO^BMcOU-4flia 

I 

H2 o^tTffMtfc^jiM^u— nuxtzmzirs 

? 0 0 6©01JT'li, &JSI3li:LTSi§i3 0, 3 l*m^ 

5o Si^iniffi3 0A, 3 i A±tc susft££i;&^ 

^Ltl/-f^ 2 A X'hUXm 3 OA, 3 1 A £j$&t L 

TU-^taif 3„ ^StcjScr, ini®3 0A, 3 1 
AicmWtkMmz^x.Zo u— 9*ioi«tifc»ll!l3 o, 

3 1 a, wfcif^fflfcascwfcftfc-r.sEia, 

[0 10 4] 06 (a) tC^-TPTti, ->'Ja^l/\ 
1 l±t^«*nfcilJ?5 0 0 nmOearft«I»«3 

o*u— tftax-rs. taiiB3 0A±k:«iw**fl5fc 

Utt**ffliU Q-switch Nd YAGb 
— *f€ffl^«. U— 7*ft©J&bctt, 10(imX10(i 20 
nu PJ<fx*;l^-£fi«: 3 J / c m 2 » S/ a y h»tt 
IT'S So 

[0 10 5] (i-AE SKJ:S#*r©*iS£, 

— »f inx-esai^« 1 1 1 oifi«K5tuTv»fca+%o 
mmmwn 135 ®i9 (b) ) mmm3o<D\s 
—vytmtftt 1 2 <Djff^{c{±^crv^^c ttfm® 
*nfc„ ^t, Bg^«ifi^<D^»M3 oottSMffi 

[0 10 6] S^lC, T E M*ffiffl LfcBrffiEtfOgtf? so 

^fc«t>±tf!) 1 1 3 3 113 4 (01 

9 (b) ) &®«iJSn&frofco 

[0107] M*ofiti&Tif»Sii3 o*u— ftox-r 

f±> U— »f3te 2 A©i£ft£ 3 5 5 n iru 5 3 2 n nu 1 

0 6 4 nmi:g<tS-frTt»EI«fcSgjS*tt3. f&*> 
13> *Ezk*jffiflU »S|g3 0H:i»iR«ns«fe3 4»S 

9% 2 AT*£tU±\ J/ya^i/M 1± 40 

<D&mmm3 oz&mcis— •fanx-rsc 

[0 1 0 8] 0 6 (b) iCTjk-t&mt. ->ij3^in 

1 1 ±lC&f£Ztlfcmm 1 /im<D^IJP^3 l£U— fin 
X-T^o iPXffi3 1 A±fc#*&*Stt#fcLT«J!MH£ 
fflU Q-switch Nd YAGU-f» 
3o U— fft©SW;lu 10(imxi0(im, HSIfx* 
;M*-«Bfi« 3 J / c m 2 . i/ a >y h»« 1 T-&3„ 0 
6 (a) kBtftttfoi/- 9*inxT{i, S3JPBM3 nc 
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[0 10 9] ^CT\ 06 (c) {C^f«fc5fcU JtaXffi 
3 1 A±K«ffrr**# (^075) fcUT^'J'»ii» 

2 6 6 nmSOl 3 KISj£©ifcg 3 5 5 nm©b— tfft 

U--finXtC«:Jg-»£ 
(DjSS 5 3 2 n m© U— 9% 2 A (£fc«g*$c©}fig 

1 0 6 4 nmOU— *f»2 A) **fflWfCttffl-r* C f: 
T t §o U— If* 2 A <DmMtt>l*-®mt 3 J / 

cm 2 . 

[oi io] ^U'»5a»{tzkjteKt4» gjs-e&x-y^ 

m/miniSOl7f^4i:?ti:5, >7X/n±© 

asm© u— tfiraxtc i/vMWtiMbk$*mv*m 

i'oT, HiPl /tm©a?iP^3 HC, S/U3>IWb«2 

o taiai-rs h u-y^ 3 1 t £#t- 

[0111] ji— AESfcJ:3##r©tg£, yys/yjfi 
Wni-WBIfllWU 2ifi«K£ 

oT, KlSttiittl 2©ififlR?SJii3 1 OJtJfitafflO«* 
1. 8 ft Q c mtfAmctttt 2 

[01 12] mmmmi z^mx-om^if^^mm 

[0 1 13] 06(C^-TPT?«, 7XA±©^HhL 
TlWftWlCfcoTlWBtfctf, X»*ei;LT©^ 

^(Al-Si, Al-Cu, A 1 -Cu — S im 
[0114] (4) ->'Jnyg{bd*3<f:a t 7* hUv'x 

0 7 (a) It, ->'J3 77IA1 l±{C>'J3>^kM 

2 0*^LTJg)«Lfc->U3>a{tl!4 0±icmfo 
H^) tf'toXf §01J^. 0 7 (b) 
W\ Wi;< ->'J3>7XA1 1 ±K'>U3>lMtil2 0 

[0 115] f sVnym\MA 0^7^- hU^hR4 

1 ©3»Kfi5t«»tt, ~> u 3771A 1 1 *&mm<o?m, 
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%!&!gHZttMfa/bZl<\ Q-switch Nd YA 
G U— f (Dm 3 mmfa^m 4 iSfl?&<D & 35;DUV^ 

^1S^^©I£^>K^ 7*hl^*Xh§|4 1<D£ 

* ti-iilft^^^v^ipx (771^-^a yta 

[0 116] 07 (a) (Omt'lt, ~>V3>m<m4 0 
X/M 1 ±IC 2 0 nmO^|p-effM^tlTl/-'5o C<?» 10 

v zymitmi 0 ±icM7k*&$eiU Q-swi tch 

Nd Y AG U— lfcD^HiSii}ST'fe5^S2 6 6 n 
m© U— If ft 2 A T'iPXf So U— If ft 2 A 1 

0 n rax 1 0 n m, Ell>fx*;l/:£-SJt& 0 . 5 J / c 
m 2 , -y h^fi 1 T'&3„ 

[0117] s EM^mmmm^^, 

±A^^>'Jnygfkfei|S?©fR^ (019 (c) # 

[0 118] &43, 5/'Jn>^t^4 Oti, ^HiSilifi 20 
£>j£g 3 5 5 n itu m~^mm<Dl&& 5 3 2 n m, g# 
1 0 6 4 nm©l/- !fft£ML&^©T\ C 

+HJPX tffif ^tifc ~> U n tffil 4 0H> m x. fc?±TK 
[0 1 1 9] 0 7 (b) tC^-rWT't^ v"Jnyi7XM 

<fc 0 mnzmir>'&. lt, fc i: 5 0 

0nm<DJljp(D7*Fb^Xhffi4 l£Ej£-fSo 7* 30 
hk>*XM4 l<DtOXffi4 1 A±tCi^7i< COTfO £ 
ft»U Q-switch Nd YAGl/-f©iH 
AMfi (&S2 6 6 nm) ©b— if ft 2 AT\ $7k£:)> 
LTRlTSnl^^— finX^So U— fft2 A<D0«li 

1 0 /i m x l 0 n iru B8*f x*;|/#-&fi«: 0 . 5 J / 
cm 2 , i/B v M&li 1 "Pfe-So 

[0 12 0] S EMT'KffSff^^Hm©^ ^4>T 

7*hisi?zm?<Dm.nn (019 (d) » ffi 
sy?n^A>o fee u— *f taX3b^Tt>nfc7 * h u^x h 40 

§14 Hi, ae?Jf>5ML «IfO;^-r>^ff3i 
[0 1 2 1] 07 (a) x 7 (b) tC^-TV>-f ft©0»jT* 

icioT, Spiffi^©Mfc»3?(Dtt3i£\ ckO^SW 

[0122] (5) ^>>y^yffMK3Iffl2ns 
u— Midi 

0 3 k uss l Twra l reft > y tnsmu^^ & & 
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0 8«\ c©J:5*^-<"»^Xg%^t" H"e*«o 
[0 12 3] £f\ 08 (a) ic^-f J: 5 tc s i/'jny 
->x/M 1 Of/U7ffi5 0*^>'>yf-75 5T' 
ffl$t5, 0 8 (b) KjjVf <fc 5 fc, ^'Jn^ 

x/m i«Mgfr6«ttWfc:ffl*u 7x/m i«ftH 

[0 12 4] 08 (c) (C^-r«fc-5tC, 94*SV 

9t— 7°5 5£Efc£U 5"J3>!>X/M l%0-o<0 

[0 12 5] S^tC, 08 (d) tC^f^dtC, x/W 

Xffi5 0(dft (^0ttO *#t^L^7b<P.> u— ifirax 

fM-fxi 5 0 tiS^^WiP t**^ u— tfinx-rs 
i:» 7*/wxjfi'\©«iiejnx<-r j f»si}aof\r»*s»jftw 

[0126] ru-v^m^x^^yfLfcm^i, 

JP^ 5 0 n m WTOfRWetts 7* U- F «fe -5 ^ > 

Btf&3o CtltC^LT, 01 *fe«02<Dg«T'^ 
'»y**-rfc, JP* 5 0 nmtXTf^mtc^X^f- 

[0 1 2 7] 09 fct jRtf 1fftlIT^-fS/yy9W 

mmit l fc^j^^-To 7* u- K*«ffl t fc ^ > y 9 v 
«09 (a) K^-r«t5Ktt?tt©7>r^bA^js-e€ 

m*V-ifh\iXX°9'(>yy9t%t. 7x/n6 

T-t5, rctZtf, 09 (b) {c^-r<t3fc, ^->> 
T'OWlcf ^ L%A^> ^-y7E 

S^-y7*0»*ii J f>"rc4:^T*So $fc09 (c) 
[0 1 2 8] 0 1 Otc^-Tidtc, it^<07 

x/n6 oxtc^n^ns^sif-fx^^^^yA. 
'yy9i5mmm^^iXio^o 

[0 12 9] (6) ^a-/^I/E«lOJgj«tcigffl*n* 
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/w&m<DBmzMR\Lrcm*. mi 2*5<tt>*i 3 it. 

-sWmMlti- v 7±<DHI!&7a y >7 K. 3: Tztf-oTM 
SS§gtIffii£lT*;&S c 6, E8QS£E«Sftft8? 3 c 

[0 13 0] l|iJi?nw<;l/E«©JBJ»fcfcfcoT\ * 
■fHl 1 (a) ICjjVf «k3fc:, S/';n>->x/N6 \±ic 

So 011 (b) KjjVTJ^Ic, teNt§t6 2&J: 
tf/<vK6 3(D^I*aoT, Cu/Ta/TaN, P 
d/Ti/N i^<D£B5HI»6 A*te$L?%o 0 
1 1 (c) ^TiMC &HR6 4±(c«Kt6tHR6 
5£«r5o Hl'l (d) fc^tJ:5fc, «flg 
«*K6 5±K:«tt PFHiS) SttttbfctfB, U-1f 
tni1-5o c©fct» jtax®fciB£ifcJ»Ki*-£*. , rt>.i: 

[0 13 1] 0ii (e) fcjjVf J:?^ c u, 

to?*v*m6 6^0fig-T5 o saKx 011 (f) t 

jjvr«k5fc:, #imjK:J:!)ttiH«MI6 5«Mt£U 
9H& !ffl& 5&m #7-y»*ifOlt*«*ffl^Txy 
*:/7*tSCi:K:J:tK ®WLfcTJl©&J15SJl6 4* 
Rfc£fSo Cttfc£DyD-/W^JBEI»6 6 a^&JR 
A>76 6 b*W2tl5„ 

[0 1 3 2] C©<k3ft*ffiT?l4, iSffi&HftfflvX^ 
^ C M P *&g i: 1 ft 7 * h U V ?7 7 ^ XH£ffl vvf 
fc* S«±ti:E»*iE»fc:«jS-rsci:jb^fc:ft*. 

[0 13 3] «HBI«u:fei:*tf«3tttJl?y 

/to 7*h';yy57^*i^fciim as* 
tt©ttMg»it§!*ffl v > s «Btt«t« s fc i6, ^ffl -p * s 

[0 1 3 4] 01 2*5«fctf 1 3«U ^g-yp— 
©JFMXS^U 013 (e) ©Xg«, 01 2 

(d) K5I#«<IST?**. 

[0 13 5] $f\ 012 (a) IC^t^-OiC, 
y-7x/s7 l±tC*fi«Ull7 2*rt-LTTSE»7 
fi!cLfcSffii«:^«-r5o 3*K, 012 (b) iCTjVf £5 
C, IlStl^I^T, g l ©ttflfiM>tMl7 5*JfcfiW 
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Wc«tLT, T»E»7 3±0«lfitt««l7 5*|» 
it, 7*7*-**«J*LTTM^7 3©H**« 

[0 13 6] 012 (d) tC^-Tcfc ^tC. C u/ 

Ta/TaN, P d/T i /N 1 $¥©&li»IS7 4 *JB 
J«U 2 013 (e) {C^-r<fc9fC, %2<Dffim 
WMl7 7*»*r*. 3 (f) lc*fJ:3 

fc, »2 0«Hfiteiii!7 7±C«[**<RteLft^6fl* 
10 U— ««nl*fTV\ HBiiigl7 8, 7 9*/<*-->^T 

So 

[0 13 7] 013 (g) tC^-T «fc3{cl, Au^ 

c u mzmm* y^-emfc u mm 78,79 

7 6T?a*atr 0 g&K, 013 (h) K*vrj:?K, 
8JH^£J:9£2©ttnttiNR7 7*(teU Hr§$ 
T»ttbfcTB^«Wi!7 4^x-y7 L >ytT, 

Ml 6 a, 7 6b£ffMTSo coxe**ojg-rci: 

20 iif:OT$S„ 

[0 13 8] ±IlfelStt> ^i*:x/W7>SD±<D{i 

[0139] (7) T^Jtyh-v-ttiDUisXbZ 

HRi£t§ u— »f tax 

[0 14 0] ^»ftUV^7i'X@lCt3^5^^-x 
30 ymtztbOmytlS;, K r FX+i/vb-Hf^A r Fx 

So s^k±m«. mftffiwvytzww.LTTm^cDm 

tlTl/^So 

40 [0 14 1] LA">b, C^TJttTti, «SffflO)lfiMi:, 

u T^'T^yhffljaA^^tjni.o 

[0 14 2] »filft±©fci6Ktt, BWfflO^^*ffl 
[0 14 3] 7^-f^yb^-^±<D^^btRmm 
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k«±j$c>)k:fc9T-&5, h±tctt«f 
Sk, Ui/"x h©;^-ry^*X7-^lf Ec L, ^ 

[0 1 4 43 Kf, *tt#9&TCt^1f*JlB*fU & 
MKj£UTtaxffi&c@#?&»j£4*&tf6, Tv^;* 
> h v- *±©'>fc < k & SttKihM««RNt£'r § c 

CO 1 4 5] Hi 4 (a) 1 4 (b) 10 

?&5ic, ->iJnmA8 l±©*Sili§£8 2K?g$£ 

h 8 5 kKSfl*lkW8 4±tC«f* Pf?Hw) 

#e>, HKttofcu— »fjt2 A-cinxffi^s-rsck 

[0 1 4 63 014 (a) t^f«fc3tC, tf-AM8 7 
% l 0 (imx 8 0 pmfc:U£»K U— <J%Sfcl4*^- 
^* OF0K) HI 4 -(b) KamPXiRW8 8lC» 
oT^S-TSo 014 (c) t^f<fc3lc7>">3 y h 
"CI/— «finiLfc«^ U^XhcaBB^MJSK^oT 20 

£ 5 i/Hi l^7x h k saffifrhH k <D®%&<Dmtlc 
*r>T. KMW5±m8 4 k U^X h 8 5 k©WffiT% « 
#ft8 9jbt£C5*£jb<*«. ^nti, K»l»ihfll8 4 
»fO[»*i»JRbT»lBgR^'L^ U5>* h 8 5 kS 
ffl»lhl«8 4 kO^ffiT'T. h UX#«£U ±jf ©1^7 
Xh8 5%^tfRtfffea6-pfe-5o COtttfft^ftW:* 

[0 1 4 73 77^^>bV-^8 3li, ilUftt-ffltf 
5 0^mfr£2 0 0^m<D*£2T*E)i!i2ft-£V£o tf 30 
—.MI 8 7 £ 1 60jtmX80/i mT'!lttLfdl£\ 0 
14 (c) <k9fcfcl:tfft8 9*^C*o 01 4 

(a) » 14 (b) iCTTstXoiC «ffl<iKofcU— 
-A^jR^fltt&T-ejaE-rSCkfCJCoTs U*7X h 8 

&#fctaia<*«Sft*o 

[o i 4 83 0i 5ttb— wni-pffiffl-r str-Aj^re 

<Dm.WM*7Ti-?o 015 (a) ^"Tct^tc, »DX 
U y h 8 7 TlM£n5 If-AEttOU— «f3fe*IBI* 

a©««*4nX"r*ck*<T?*«o c tax® 
xtctiffif^^aw^^^n, j&gfcjsuT, tax® 

KitMFiWgiltf#*&ft.8o £fc* 015 (b) tc^-T 
£3ic. if-AtDgffffiff^^^V^^icioxbTm 1 
<0?aftK^7 h Lfdg, ^10^riDjk^il^2tD^|p] 

ncD^tD-kODkOOlf-Ag^/h^ < 

[0 1 4 93 U'7Xh0{itffttf£fc&^*i 
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b^?-? ±<omm±m 8 4 * u— wmic <t 0 >i#?w 
[0 1 5 03 (8) *v7*y*v7wmmm.v>\s 

— iftax 

ST?© u— vtaxzmm uft«*avr. 

[0 15 13 iS^s **ftr/W^rttc^;l/-*-/l/* 

Klilk LT**f*^-y7'*9tti'r*f-y7*yf-y7% 
*tfi£g Stress, 01 6 ic^-f /VvK9 3 
±{C^«^y79 8**rr«£l *J:tf£3©?-y7 , 9 
0a> 9 0 cOlfflfC* £2©?-«y7 , 9 ObfcttSA/ffW 
Iff -So ^2*0^79 0 Mi, *-;l/rtK«S» 
K9 7*^LT^Ji*^*LfcE«l7 , 5^9 6**r-r 
§ 0 ^•v7W^n^n*aff*Sfi9 lcDgffi±{c^H 

9 5 tfflMsnrfc 0 , m 2 <D**y 7 9 0 b tt 
^#*SS9 loxisftictmiig 2*^Bg*nr^ 

[0 1 5 23 ^-<y7x;l/-77^©^felttal« 

r i E-efjafattTv^tf, taxji®#ji<, ±gtta< 

k, U 3 y-r/ W^fcBMWSffl*^ 
[0 1 5 33 x;b-*-;l/*«i« , r*a«aBS 
(CJSCT, taXffi{cS^j£*B«i^#x.5o talffifc««e 

i/\ 7w^^*RntTx J5t^i5S^nrc 

tax<-r^*-rs, *«c«ieTTu— iftax-rsck 
tit), a« j f>fB»*©f*»©&i/ , >a»*tai«tt^3a 

)jic^ti§ 0 t.fc, x;l/-^-;l/^©iSii{bk, 

[0 1 5 43 01 7^<t0 : i 8«, 9 L -y7*>5 L >v7S 

f*HBW»U 018 (e) «01 7 (d) 
it<XgT-«§o 017 (a) lC^1-«k-5{C v ^> 

'JnyfiAl 1 0±JtS/U=i>»{kJHl 1 1WL 

MMLT. 1 *»C» 01 7 

(b) tC/Tx-TJ:9(c, *— /H 1 3<DSffikSfeJbO"> 
■J n 1 1 1 ±{c^> U n >^fkH 1 1 4 Z&s&t 

%o WTOH1 7 (c) -01 8 (h) OXSti, 

©xski^aT*o, *-;n 1 3\c&m\ 1 5^?t« 
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hi 1 5Wi (0i7 (c) ) % fv^ywumi 
i i±<D&mm\ 1 5&£z?z/v=iyM<tm\ 1 4*m 

£LTX;l/-^7^1 1 5«SUL (017 (d) K 
x^-Xv ^* l l 5 t v 'J u ymitm l l l ±tcE*Wi 

*jj;y'SP^ies)i^?.^5^«SEii«3gi i 6£jiml 

1 1 7*»j«-tS (018 (e) ) o f'JavlSl 1 
0*filfJ««k:J:t)»lMtL (018 (f) K 

1 8fctHBLT>5 (018 (g) K 

(018 (h) ) o 
[0 1 5 5] ?v7<DbnxmiCfaW}%Lft*&&L%tft> 

ssu— yiaxLT^-^^-rsc tax 

5 0 Sfcx u-lfiBi't'tAoxffitciB^jS^Biira-rsc 

[0156] tLhlttW bfc«t 9 fC, JRttflBeTT© U- 20 

wx*^mmama&smKmmi,itm&its tax 
zmiRmaux? § c t # -e* ¥»ttgH©g«i£ 

t±->U 32">x/>{c|B5&£ttl\ ill- Vftft^ft** 
net, «ft«t&"F-pou— »f4ni%a»K5iffl-et 

-*-h\ CPUtf-b\ ^^U^-KI|C»7 p U>hSH 
[0 15 7] ±aLftWW»T"POU- J tfinx 

[0 15 8] 40 

fe*5flWR«l€)(*3|f*»*Wfi:l»±LT, IE»fcfl£K<E> 
[0ffi©fSS#£M] 

[0 1 ] #5gBJl<Dtg i mMBmic&Z U— tfiDXgB© 
[0 2 ] *f8«J©ai 2 $ffiJ&flgCCffi3 U— f taXgffi© 
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JJOXKilfflLfctflJ^U 0 3 (a) liffiftlcM**ffl 

^fc*£©wffiia* 03 (b) liimmtLxwm® 
ffiimxicxzmmm, 03 (c) «u— ««ni-p*ftic 

[0 4] U— J/ij3>OW- tf#9&«X& 

[0 5] ~>'JnyS«i:*0±^fi)c^nfc»^ 
SHttJtt&TT* U— If *BX LfcfiW*^ EST?**. 

[06] s/U3y«RK:tt««*^LT»ja«nfcAll 
■t*, IftMTfl/- (fioxb^J^-r0-e*3o 

[0 7] 0 7 (a) tt, 3"Jn^SS±EJBfig*nfc'> 
U n >a{fcJR%a[fl:«*&T-P U— Will Lfcflflfc, 0 7 

(b) «5/'J 3>Jtfi±m«fi!£Sftfc7* FU^H 

So 

[08] & 6 U46S»ffilfk L fc -> U 3 > 7 x/ 

[09] *#«i&t-x?©u— ifftmcfcD, 7x/N±tc 
gii{tbfcpij^-r0t i a5s o 

[0io] StfttKt&Tol'— «finxjc«fc»), o-£o©9 

[011] Iftfil&TOP- ?;taX£, #Jiyp-/W 
[01 2] *{«R»T©U-" tfitaX*, ^I^D-A;!/ 
[013] *#ttt&TOU-1fiinl*» ^S^D-A;I/ 

s«o^<s»i:jSffl-r«ey**fiai?*t)» 012 (d) 
tt\zm<xmz*?mT&Za 

[01 4] «#«fcT-ett<ttofcl£-A*j«ELT % 

[015] <y hj^ttoeo^'rHi?* 

[016] MftmneiTT-ou— Vtinxz, f7^^ 
[01 7] 01 eKwbfcf-y^^y^StO^aM* 

[01 8] f-y^yf-yT^OiNl^aeWcftlt*^ 

^■T0T*^t), 017 (d) ic?\%m<xn*7n-?m 

[0 1 9] fle*<0U--Winiafl5fc:J:»)flfei;*^-^ 
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